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DECLARATION UNDER 3 7 CFR ^1,132 
OF DAVID H. GELFAND 



Sir, 

L I, David H- Gclfand, Ph.D., am Vice President of Discovery Researdi and 
^ Director of the Program in Core Research at Roche Molecular Systems- I am a co-inventor of 
the sobject matter of the above^fbieiiced pateiit ^pp 

2. I hold a PkD. firentt the Univereity of California San Di^. winch 
c<wiferred in 1970. I have published more than forty-five scientific papers and book diapters and 
have received more than fi)Tty-five U.S. issued patents, particularly in the area of PCR and 
thermostsAtle DNA polymerases. A copy of my cuniculum vitae is attached as Exhibit 6. 
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3. I have read and am familiar with the contents of the above-referenced patent 
application and claimed subject matter. It is my understanding that the Examiner has rejected the 
claims for allegedly laddng enablement. This declaration is provided to show that DNA 
polymerases that, in thdr native form, comprise tiie motif defined by SEQ ID NO: 1 could be 
identified with routine methods at the time of the invention. In addition^ using the teachings of 
the specification, one of skill could readily make and test mutants of these proteins for reverse 
transcriptase activity. 

4. The structural and fiinctional properdes of diemioactive DNA polymerases 
were well-known in 2000, the effective filing date of the present application. Because of their 
use in PGR an^lification assays and for DNA sequencing, thermoactive DNA polymerases had 
been the subject of study for over fifteen years at the time the present application was filed. At 
the time of filing, dozens of eubactcrial thermoactive or thermostable DNA polymerase enzymes 
had been identified. Indeed, many high-resolution crystal structures of DNA polymerases 
dedved fiom thermophilic microorganisms have been published. See Kim, Y., et al 1995. 
Nature 376:612; Bom, S JL, et aL 1996, Nature 382:278; Kieffer, JJL, et al 1997. Structure 
5:95; Keifer, J-IL etaL 1998 Na^re. 391:304; Li, Y.etaL 1998. EMBOX 17:7514; li, Y. etal 
1998. Prot. Set 7:11 16; Hopfiier, K-P., ei al. 1999. Proc. Natl Acad, ScL, USA. 96:3600. 
Furtfaennorc, a recent review of DNA Polymerase structure and fidelity (Beard, W,A. & ^^ilson, 
S JI- 2003. Structure 1 1 :489) highlights tfic structural oonservatioii of motif elements in diverse 
DNA polymerases. 

5. Based on these higji resolution oystal structures, the structural features of 
DNA polymerases derived fiom thermoirfuUc microorganisms were well knowru Without 
Ashing to be bound by theory, we believe that position 4 of the claimed motif is important to the 
reverse transcriptase activity of the enzyme because mutations at position 4 arc likely to result in 
"tighter binding*' of said polymeme to primer-template substrate. 

6. Based on these known structural features^ using standard sequence alignment 
programs described, for example, at page 13, lines 18-28 of the present application, one of skill 
could readily idmtify candidate thermoactive DNA polymerases. If necessary, one of ordinary 
skill in the art could easily verify whether a particular emyme has thermoactive DNA 



PAGE 4/25' RCVD AT 5/S/20O4 3:55:11 PM [Eastern Daylight Time] * SVR:US^^^^^^ 



05/05/2004 12;56'FAX 415 576 0300 



121005/025 



Appl. No. 09/823,649 PATENT 

Amdt dated April 22, 2004 

Reply to Office Action of October 22, 2003 

polymeri2ation activity using simple experiments well-known to the art For example, the 
ordinarily skilled artisan could identify that an enzyme has DNA polymerization activity by 
performing a primer extension assay. The ftiemiostability of the enzyme can easily be tested by 
heating the enzyme before the assay. Alternatively, the ordinarily-skilled artisan could simply 
refer to the extensive literature to identify a suitable candidate enzyme for use in the methods of 
the invention. For example, see Lawyer, F,C.» Stoffel, S„ Saiki, RJL, Myambo* K., Drummond, 
It, and Gelfand, D.H. (1989). Isolation, Oiaracterization, and Expression in Escherichia coll of 
the DNA Polymerase Gene ftom Themms aquaticus. J. BioL Cfte/7i., 246:6427-6437; Landie, 
PA., Gelfand, D.H., and Watson, The Use of Cosolvents to Enhance Amplification by the 
Polymerase Chain Reaction. In: PCR Straxegies/Bds. hmis, M.A., Gelfand, D,H., and Sninsky, 
JJ„ (1995). Academic Press, San EMego^CA. pp3-16; Abramson, R,D- Thermostable DNA 
Polymerases. In: PCR Strategies, ibid, pp 39-57; Abramson. R.A., Thermostable DNA 
Polymerases: An Update. In: PCR Applications: Protocols for Functional Genomics. Eds. 
Innis, M-A.. Gelfand, D,H., and Sninsky, J J., (1999). Acadenuc Press, San Diego, CA. pp 33-48 
and references therein. 

7. The rejection appears to be based on a false assumption as to how one of skill 
would prepare enzymes usefiil in the claimed methods- To prepare such enzymes, one of skill 
would not synthesize and test 4 billion caizymes containing each of die species of motif as 
impKed by Ihc assertions at the top ofpage 6 ofthfl Office Action. Rather, one of skiU in the art 
would determine whether a previously identified thcimoactive DNA polymerase comprises the 
motif defined by SEQ ID NO: 1 using flie alignment algc^tbms noted above. Such sequ^ce 
comparisons are entirely routine m the art. As demonstrated in the specification* we have 
identified thennoactive DNA polymwases from 12 dififerrait bacterial spedes that comprise the 
motifl See Table 1 at page, 12, tines 1-20. 

8. After identifying a partiCTlarth«stnios^ 

the claimed motif, one of skill would then determine whether the thermostable DNA polymerase 
enzyme iiaturaUy comprises an appropriate residue at position 4 of If the thermostable 

DNA polymerase enzyme does iwt naturally comprise the appropriate residue at position 4 of the 
critical motif, the ordinarily-skilled artisan can routinely construct such a polymerase using, for 
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example, site directed mutagenesis protocols as described in the specification at page 14, lines 
23-27, If the thennostable DNA polymerase enzyme naturally comprises an appropriate residue 
at position 4 of the critical motif, the ordinarily*skiHed artisan will recognize that the 
thermostable DNA polymerase eazyaiQ is sxiitabic for use in the methods of the present invention 
without fiirther alteration. Thus, one of ordinarily skill in the art can make thermostable DNA 
polymerases for use in the methods of the invention with no more than routine experimentation. 

9. The Examiner is apparently concerned that because amino acid residues 
c«»mprising the critical motif are not completely conscived among all DNA polymerases^ the 
effect of changes to the amino acid residues oth^ than position 4 would be uiqiredictable. One 
of skill would recognize that the lack of complete conservation within the claimed motif in 
thennoactive DNA polymerases is not critical to practicing the invention. As explained above, 
theimoactive DNA polymerases are well-characterized. The motifs and domains discussed 
above provide more than sufiRcient guidance as to ^ich residues, if any, can be mutated for 
desired properties in the fmal enzyme. Moreover, the effect of any particular mutation can be 
readily tested in routine assays. 

10. Moreover, we have prq>ared and tested two othw species of Designer DNA 
p^lymiz^ases in addition to the enzymes exemplified in the specification- As can be sera by the 
results described below, despite variability in positions inside and/or out&ide the motif identified 
hcre^ we have shown that revmc transcriptase activity is cfdianced by mutation at position 4 of 
the claimed motif. 

1 1. Using staikiard techniques as described in the specification we have made 
and tested three additional DNA polymerases that have enhanced reverse transcriptase activity. 
Two of these novel Designer DNA Polymerases are ESI 12 and ESI 13. ESI 12 is the E683R 
mutant form of Ihetmus specie Z05 DNA Polymerase (SEQ ID NO: 11). ESI 1 J is the E683K 
mutant fbm of TTtemrwspedc 205 DNA Polymerase (SEQH> NO: 11)- In both of these DNA 
polymerases the •'X** residue at position 4 of SEQ ID NO; 1, or flie "E" residue at position 4 in 
SEQ ID NO: 2 and SEQ ID NO; 3 have been mutated as taugjit in the specificatiott The third 
enzyme, CS6 DNA Polymerase, is a chimeric Designer DNA Polymerase comprising the DNA 
polymerase domain of Thermotoga marltima DNA Polymerase (SEQ ID NO: 15). CS6 DNA 
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Polymerase is more fully described in copending US Patent Application Serial No. 10/401 .403, 
filed March 26, 2003 as SEQ ID NO;107 and in Fig. 5A, In CS6 DNA Polymerase, the "X"* 
residue at position 4 of SEQ ID NO: 1 of the present specification is an arginine (R) and in SEQ 
ID NO: 5 the 4* residue is also arginine {R). All of these enzymes contain the "Critical Motif* 
as taught in Table 1 of the specification amd all have improved reverse transcription (RT) 
capabilities. 

12. Exhibit 1 ("Improved Mg^^-activatedRT-PCR with ESI 12 & ESI 13*0 shows 
a post-electrophoresis, ethidium bromide-stained and photographed agarose gel of various single 
enzyme RT-PCR products. The samples on the left were templated with a purified in vitro 
transcript RNA that corresponds to the gag region of HIV-1. The samples on the right were 
""template negative" reactions that did not have any HIV-1 template RNA. The data on the left 
show that the DNA polymerases ES U 2 and ES 1 13 were able to generate robust yields of the 
expected amplicon (PGR product) when activated either with Mg^^ or Mn^*. In striking contrast, 
Thermus specie Z05 DNA polymerase (the '*wild-type control") is only able to generate the 
specific intended PGR product from an RNA t^nplate in^en activated with Mn^"** as the metal ion 
activator. Accordingly, both the ES 112 and ES 1 1 3 mutant DNA polymerases are magnesium- 
activated thennoactive and thermostable reverse transcriptases as well as possessing manganese- 
activated tbemioactive and thermostable reverse transcriptase activity, 

13- ExMbit2CTlcducedRTTimcRKiuirementfOT 
d^icts **Ct" values v^. time of reverse transcription (**RT Incubation Time (min)**) for three 
difTcfent DNA polymerase/reverse transcriptase enzymes. Reactions w^ set up and carried out 
similarly to what was described in Examples 2 and 3 of the specification. That is, real-time or 
"kinetic'' fluorescence measurements were made at every extension cycle and the "Ct ' values 
reflecting the accumulation of a ^ecific amount of double strand DNA PGR product are plotted 
as a fimctim of the reverse transcription time;, whic^ was varied. An increase in RT efiBciency at 
shorts RT extension time results in reaching the threshold value in fewer cycles, a lower 
Xt" vahie. The data shows that when activated with magnesium ion ("Mg")* mutant Designer 
DNA polymerases ESI 12 and ESI 13 show a similar response to varying reverse transcription 
time as for manganese ion-activated ("Mn'*) Thermus specie (wild-type) Z05 DNA Polymerase. 
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This supports and extends the data in Exhibit 1 that both Oie ES 1 12 and BSl 13 mutant DNA 
polymerases are magnesium-actiyated thennoactive and thermostable reverse transcriptases. 
Furthcnnore, as taught in the Specification on page 17, lines 19-21, the data in Exhibit 2 also 
show that when BSl 12 and ESI 13 mutant Designs DNA polymerases axe activated with 
manganese ion, they boA require much less RT time to achieve a similar low Ct value as 
Thermus specie (wild-type) Z05 DNA Polymo-ase, as little as 5 min in conq>aiison to 30 min for 
Thermus specie (wild-type) Z05 DNA Polymerase. That is, both ESI 12 and ESI 13 mutant 
Designer DNA polymerases are improved and are much "fester^ reverse transcciptases than 
Thermus specie (wild-type) Z05 DNA Polymerase. The improved reverse transcriptase enzymes 
of the invention could contribute significantly to a shorter time requirement for RT-PCR 
scieenmg assays to detect important viral pathogens in blood (e,g-, not only HIV-1 but also 
Hq)atitis C Vims [HCV], West Nile Virus [WNV], St. Louis Encephalitis Virus [SLV], 
coronavirus [SARS], etc.). 

14, Exhibit 3 0*Efficient RT-PCR at Decreased ES 1 12 A ES113 Enzyme 
Concentrations^*) shows the real-time or Idnetic fluorescence measurements as a function of PGR 
cycle number fot three difierent experiments. In Exhibit 3, the upper left panel depicts varying 
the concentration of Thermus specie (wild-type) Z05 DNA Polymerase. The lower left panel 
dqricts varying the concentration of mutant Designer DNA polymerase ES 1 12 and the i^per 
ri£^t panel depicts varying tile concentration of mutant The 
data clearly show a sigmflcantly delayed **Ct" for Thermus specie (wild-type) Z05 DNA 
Polymerase at 2.5 units per reaction (relative to higher conc«trations of the enzyme) and in 
comparison with either ESI 12 or ES113 at 2.5 units/reaction, two additional Designer DNA 
Polymerase improved mutant reverse transcriptases of the invention. As taught in the 
^>ecification on ps^ 1 7« lines 25-26« this series of experiments shows that a lower concentration 
of the impiovcd reverse tiansciiptases of the invcntk>n is sufifidctJt for efiicicnt sin^o enzyme 
RTandPCR. 

15. ExhiWt 4 C*Improved Low Copy Sensitivity wittiESn2 in N&i^-activated 
RT-PCR'O presents the data fiom an experimmt to support the teaching in the specification on 
page 1 6, lines 7-9 ("In Mn"**^ reactions, the use of the mutant DNA polymerase provides for higji 
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temperature reverse-transcription and amplification of RNA with a hi£^er efficiency than 
achieved using the native enzyme."). In this experiment, manganese ("Mn^'*) activated 
reactions with wild type Thermus specie Z05 DNA polymerase (middle panels) were compared 
to magnesium ("Mg^") activated (top panels) or manganese CTMn^*") activated (bottom panels) 
reactions with mutant Designer DNA polymerase ES 1 12. For each enzyme, 32-fold replicate 
identical reactions were set-up with on average about 0.5 - 0-7 copies of purified HIV-1 in vitro 
transcript RNA. This is a type of '^mini Poisson analysis** in which differences in reverse 
transcriptase efficiency are leadily detected. If cDNA is geno^ted and amplified^ RT-PCR 
assays are **positive." If cDNA is not efficiently generated, RT-PCR assays are "negative." This 
methodology sensitively distinguishes differences in reverse transcription efficiency. We 
analyzed the 96 PGR products (firom each of the three 32-fold repKcate RT-PCR assays) by 'TJ* 
melting profile, using methods in the specification (page 25, lines 19-25). The Tm of the 
authentic HTV-l RT-PCR product under these reaction conditions is about 80*C. fa contrast, the 
Tm of non-specific or unintended side products (at these very-low-to-no target-present reactions) 
have a significantly lower aoA readily distinguishable T„, (about 73-77''C). The data in Exhibit 4 
clearly show that the improved reverse transcriptases of the invention are characterized by 
improved reverse transcription efficiency. At these very low starting template concentrations (^ 
nominal 0.5 template copies/reaction), 10/32 of the wild type manganese-activated Thermus 
specie Z05 DNA polymerase were positive for HIV-1 ampticon (middle panels), identical to the 
number of positive leacticms (10/32) when ES 1 12 DNA pdtymerase was activated with 
magnesium (top panels). However, when Designer DNA Polymerase ESI 12 is activated with 
manganese (bottom panels), twice as many (20/32) of the HIV-1 RT-PCai assays were positive, 
indicating a significant increase in RT efficiency (con^ared to the wild type enzyme) when each 
is Mn^^-activated. This increase in target detection sensitivity will likely be important in future 
diagnostic assays not only to nmnitor successful lespcHise to anti forHIV'-li 
HCV, etc.) but as impc^tantly for future blood screening assays in further reducing ttie possibility 
of an RNA virus-contaminated blood unit finding its way into the blood supply, 

16, Exhibit 5 CUT-PCR Using Mg^*-activated CS6 DNA Polymerase") shows 
that CS6, a Thermotoga maritima-dmvcd DNA polymerase domain chimeric enzyme with a 
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polymerase domain entirely unrelated to tihe I1termu$-dcn\€d DNA polymerases described 
above, is also a magnesium-activated thermostable and thttmoactive reverse transcriptase. 
Exhibit 5 shows a post-electrophoresis, ethidium bromide-stained and photographed agarose gel 
of several CS6-niediated, single enzyme RT-PCR products. CS6 DNA Polymerase is described 
in detail in copending US Patent Application Serial No. 10/401,403, filed March 26, 2003 as 
SEQ E) NO: 107 and in Fig. 5A. The **Critical Motif (Table 1), SEQ E) NO: 1 and SEQ ID 
NO: 5 of the present specification are found uniquely at CS6 DNA Polynwrase amino acids 741 
through 75 1 . Note ttiat position 4 of ttie "Critical Motif (Table 1) in CS6 DNA Polymerase is 
not glutamic aid (E) and is aiginine (R). For the experiment in Exhibit 5, purified, in Wfro- 
transcribed AW 109 cRNA was used at dififerrat input copy numbers (10^ 10^, 10*, 10^, or none) 
in duplicate reactions with CS6 DNA Polymerase and magnesium ('"Mg^") activation. The 
results clearly demonstrate that thermophilic and thermostable Designer DNA Polymerase CS6 
is an improved, magnesium-activated reverse transcriptase. Furthermore, the **Critical Motif 
(Table 1 in the specification) shows that the majority of the amino acids (6 of the 1 1 positions) 
aie difiTerent between many of the Thermus genus enzymes and the Thermotoga genus enzymes. 
Nevertheless, when the teachings of the specification are followed, improved reverse 
transcriptases are obtained. Finally, there is a great deal of amino acid sequence divergence 
between the Thermus genus DNA polymerases ^d the Thermotoga genus DNA polymerases, 
reflecting the considerate evolutionary divergence of die microarganisms fiom which the 
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